Motivated by the previous literature works of spreadsheet solutions of ordinary differential equations (ODE) and a system of ODEs using fourth-order Runge-Kutta (RK4) method, we have built a spreadsheet calculator for solving ODEs numerically by using the RK4 method and VBA programming. In this spreadsheet calculator, a user interface input form is developed to capture the needed information to solve the ODE via the RK4 method. In the first frame of the user interface input form, users are prompted to enter independent and dependent variables in the ODE. On the other hand, they are needed to input the interval for the independent variables, initial value for the dependent variable, step size h and select the desired accuracy of calculation in the second frame of the user interface input form. Lastly, in the third frame of the user interface input form, users are required to enter the ODE function and exact function of ODE if it exists. Once the Solve button is clicked, the full solution of the ODE will be calculated automatically using the RK4 method. This spreadsheet calculator is user-friendly especially for users who are not familiar with Excel. We hope that this spreadsheet calculator can be used as a marking scheme for educators and students who require the full solutions of the ODEs. Moreover, this spreadsheet calculator reduces calculation time and it is hoped to improve students' learning ability.
Introduction
The computing approaches, which are developed for solving ordinary differential equations (ODEs), can be roughly divided into the exact solution method and the numerical method. Since the use of the exact solution method is limited to the linear ODEs, the application of the numerical method is seen to be practical in solving engineering problems. This is because the exact solution of the nonlinear ODEs is difficult to analyse and its existence might be questioned. The applications of the numerical method are able to approximate the solution of the ODEs, particularly for the nonlinear ODEs. As such, it is necessary to develop a tool in order to solve the ODEs easily.
Additionally, a series of papers working on solving numerical problems in classrooms and for examination purpose using spreadsheets have been discussed. Tay, et, al (2009b) solved systems of nonlinear equations using spreadsheet. Kek and Tay (2008) developed a solver for system of linear equations in spreadsheet without using VBA programming. Newton's divided interpolation solver in spreadsheet was developed by Kek and Tay (2009c) , Lagrange interpolating solver in spreadsheet was developed by Tay et.al (2010) , whereas bivariate approximation spreadsheet calculator was developed by Tay et.al (2014) . All the interpolation solvers and spreadsheet calculators were developed without applying VBA programming. Notice that Tay, et.al (2013a Tay, et.al ( , 2013b Tay, et.al ( , 2014 have developed the spreadsheet calculator for the numerical differentiations. Computing of eigenvalues problem can be seen in Kek (2008, 2009a) , solution of a single ODE or system of ODEs can be found in Tay and Kek (2009c) and Tay et. al (2012) , respectively. On the other hand, the solution of Laplace equation in spreadsheet can be referred in Tay (2009d) .
In our definition, a spreadsheet calculator is a calculation tool that is designed in the spreadsheet environment based on VBA programming. This spreadsheet calculator would be a user-friendly package, which is easy to use without having to type any commands in the spreadsheet cells. Furthermore, users only need to provide the required information at the initial stage. Consequently, the complete solution will be calculated automatically. Thus, the aim of this paper is to develop a spreadsheet calculator, which applies RK4 computation procedure in solving ODEs. This spreadsheet calculator is therefore known as the RK4 spreadsheet calculator.
RK4 Method For ODEs
Consider a general form of the first-order ODE given below: The governing first order ODE is given by
where R is the resistance (ohms), C is the capacitance (farads), i is the current (ampere), and ( ) E t is the voltage (volts). 
then, the absolute errors could be calculated at each iteration.
RK4 Solution Method
The computation procedure of the RK4 method is summarized as follows:
Step 1: Rewrite the ODE in (4) by substituting the given values to yield 100cos100 20cos100 2 ( , ) 5 5(0.1)
Step 2: By using the RK4 method, formulate the solution of (6) into the form of (3), we get 
t
Step 3: Apply the RK4 spreadsheet calculator, which is discussed in the next section, to obtain the numerical solution.
The RK4 Spreadsheet Calculator
In this section, the use of the RK4 spreadsheet calculator is discussed. Figure 2 illustrates the initial layout of the RK4 spreadsheet calculator. Then, they are required to enter the independent and dependent variables. Notice that they can select Define Parameters or Clear Variables buttons. If Define Parameters button is clicked, but no variables are provided, an error message box will pop out as seen in Fig. 4 . When Define Parameters button is clicked after the variables are defined, frame two of the user input form will be displayed as given in Fig. 5 . Clear Variables button functions by clearing the variable entered by the users. In the second frame, users are prompted to give the interval of the independent variables, initial value of the dependent variable, step size h and select desired accuracy. Again, in the second frame, it consists of Define Functions and Clear Parameters buttons. An error message box will be prompted if no parameters are entered but Define Functions button is clicked as given in Fig 6. Define Functions button will open the third frame once all parameters are supplied as seen in Fig. 7 , whereas Clear Parameters button will clear the parameters given by the users. Then, users can input the ODE function and its exact function if it exists in the third frame. If the ODE function is not typed, but Solve button is clicked, an error message will be displayed as shown in Fig. 8 . Once all information is entered, users can select Solve button to solve the ODE as given in Fig.9 . Here, Clear Functions button is used to delete the functions entered by the users and Exit button is used to exit from this user input form. 
Conclusion
In this paper, a spreadsheet calculator, which applies the RK4 method for solving the ODEs, was developed by employing VBA programming. This spreadsheet calculator is very user-friendly since users only need to enter relevant information to compute the full solution of the ODEs efficiently. In conclusion, we hope this spreadsheet calculator could serve as a numerical ODE tool that is convenient for the community of educators and students.
